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Section  1 


Introduction 


This  report  describes  the  design,  fabrication,  and  test  of  both  the  TD-1288(  )/GRC,  2-channel 
transceiver  multipl  er,  and  the  TD-1289(  )(V)/GRC,  5-channel  transceiver  multiplexer. 
Respectively,  these  multiplexers  permit  simultaneous  use  of  two  or  five  transceivers  on  a 
single  broadband  antenna  over  the  frequency  range  of  30  MHz  to  xs  MHz.  Both  versions  of  multi¬ 
plexers  consist  of  (two  or  five)  identical,  manually  tuned,  3-pole  filter  modules  mounted  on  a 
base.  This  base  contains  a  2-  or  5-channel  combining/matching  network  that  allows  the  rf 
output  terminals  of  the  individual  filter  modules  to  be  connected  together  and  operated  on  a 
common  antenna.  US  Army  Fleetronics  Command  Development  Specification,  EL-CP0192- 
0001A  dated  22  March  1977,  describes  the  physical,  performance,  and  environmental 
characteristics  and  capabilities  of  the  multiplexers. 

Although  the  contract  required  the  development  of  a  2-channel  multiplexer,  a  5-channel 
multiplexer,  spare  filters,  and  termination  units,  the  design  approach  allows  the  basic 
filters  to  be  used  in  a  variety  of  multiplexer  bases  that  can  accommodate  from  2  to  10  filters, 
thereby  forming  multiplexers  with  2  to  10  channels. 

The  filter,  for  each  channel  of  the  multiplexer,  is  a  minimum-loss  3-resonator  filter.  Each 
resonator  of  the  filter  consists  of  a  capacitively  tuned  helical  resonator.  Fixed  coupling 
structures  are  used  throughout  the  filter.  This  provides  a  practical,  simple,  easily  repro¬ 
ducible  design.  The  internal  aperture  couplings  provide  a  constant  coefficient  of  coupling 
as  the  filter  is  tuned  over  the  operating  frequency  range,  thus  providing  a  constant  percentage 
bandwidth  characteristic.  Input  and  output  couplings  allow  a  nearly  constant  terminal  Q  as 
required  for  a  constant  percentage  bandwidth  filter. 

The  input  coupling  employs  a  fixed  series  inductor  tapped  into  the  input  resonator.  This 
form  of  coupling  provides  good  coupling  characteristics  along  with  minimum  resonator  fre¬ 
quency  shift.  The  output  coupling  is  designed  such  that  up  to  10  filters  may  be  connected 
to  form  a  multiplexer.  This  output  coupling  in  conjunction  with  the  interconnecting  lines  and 
a  broadband  matching  network  provides  the  desired  multiplexer  performance.  The  matching 
network  is  designed  to  be  broadband  such  that  no  adjustment,  tuning,  or  band  switching  is 
required,  as  the  frequency  of  the  channels  is  changed. 

Overall  measured  performance  of  the  deliverable  hardware  is  good.  No  tuning  interaction 
between  the  channels  has  been  observed  for  frequency  spacings  greater  than  five  percent.  A 
summary  of  the  measured  performance  is  presented  in  this  report.  Details  of  the  Engineer¬ 
ing  Design  Test  (qualification  test)  have  been  presented  in  the  Engineering  Accomplishment 
Report/Evaluation  Report  as  part  of  this  contract. 

Detailed  schematics  of  the  filter  and  matching  networks  are  presented.  Constructional 
details  of  the  helical  resonators,  apertures,  couplings,  and  matching  networks  arc  included. 

Table  1-1  details  the  nomenclature  assignments  for  the  various  pieces  of  equipment  and 
states  the  quantities  delivered  as  unique  items  under  this  contract.  Figure  1-1  describes 
the  configuration  of  modules  for  the  5-channel,  4-channel,  3-channel  and  2-channel 
multiplexers. 
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Table  1-1.  I'quipment  Nomenclature. 


QUANTITY  buii.t 

NOMFNCI.A  turf 

1)1  SCKIPTION 

10 

' 

TI)-128S)(  )(\’)1  GHC 

5 -channel  multiplexer 

None 

TD- 1289 (  )(Y)2  GHC 

4-ehannel  multiplexer 

None 

TD-  12S‘J(  )(Y)3/GRC 

3-channel  multiplexer 

10 

TD-1288(  )/C.RC 

2  -  eh  an  nel  m  ul  t  ipl  e  x  e  r 

77* 

F-  1TS2(  )/GRC 

Bandpass  filter 

10*  * 

CU-22(57(  )  GRC 

5-eh;uinel  coupler 

10*** 

CU-22(5(>(  l/GHC 

2-eluuinel  coupler 

6 

MX-10030(  )/GHC 

Termination  unit 

10 

C Y-7775(  F  GRC 

2-ehannel  multiplexer  transit  ease 

10 

CY-777G(  )/G HC 

5-channel  multiplexer  transit  ease 

*50  F-HS2(  )  C.UC  filters  are  a  part  of  the  10  TD-12s<i(  )(V)1  GHC  5-Channel 
Multiplexers. 

20  K-l-182(  )/GHC  filters  are  a  part  of  the  10  T1)-12SS(  )  GHC  2-Channel  Multiplexers. 
7  I’-l-182(  )/GllC  filters  arc  spares. 

**All  10  CU-2207(  )/GKC  5-Channel  Couplers  are  a  part  of  the  TD-128‘)(  )(Y)1  GHC 
5-Channel  Multiplexers. 

***A11  10  CU-220(i(  )/GHC  2-Channel  Couplers  are  a  part  of  the  TD-128S  (  )  GRC  2- 
Channel  Multiplexers. 


5-Channel 
MULTIPLEXER  GROUP 


1- 


r 


Figure  1-1. c  VI IF  Multiplexer  Family  Tree. 


Although  the  5-channel  multiplexer  would  perform  satisfactorily  with  three  termination 
units  and  two  bandpass  filters  or  four  termination  units  and  one  bandpass  filter,  these  are 
not  approved  US  Army  configurations  and  they  do  not  have  assigned  nomenclature. 


Figure  1-l.d  VUF  Multiplexer  Family  Tree. 


Although  the  2-channel  multiplexer  would  perform  satisfactorily  with  one  termination  unit 
and  one  bandpass  filter,  this  is  not  an  approved  US  Army  configuration  and  it  does  not  have 
an  assigned  nomenclature. 
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rtion  2 


Basic  I  A.  sign  <  'oncept  ~ 


Di  this  section  the  basic  ideas  and  design  eoneepts  used  in  developing  the  delivi  ruble  <  < jui; *- 
ments  are  discussed.  The  theoretical  basis  is  formulated ,  and  measured  data  is  presented, 
thereby  verifying  achievement  of  performance  in  consonance  with  theory.  The  information 
and  eoneepts  have  been  formulated  over  a  period  of  several  years,  and  are  summarized  in 
this  section. 

2.1  PKF I.IMtNAKY  fONSIDf  RATIONS 

A  primary  design  goal  was  to  develop  a  multiplexer  that  would  allow  operation  of  up  to  in 
transceivers  on  a  single  broadband  antenna  in  the  20-MII/  to  SS-M1I/  frequency  range.  This 
has  been  accomplished  by  using  a  selective  filter  in  each  communication  channel  and  con¬ 
necting  the  filter  outputs  in  parallel  through  an  appropriate  combining/matching  network. 
Since  various  multiplexer  eon  figurations  (number  of  channels)  are  desired,  it  was  advant¬ 
ageous  to  use  ;m  identical  filter  design  in  all  configurations.  Also  the  matching  combining 
networks  were  developed  to  retain  commonality  in  design. 

Figure  2-1  depicts  the  basic  configuration  employed.  The  matching  network  is  installed  in 
a  mounting  base.  The  filters  are  removable,  individually,  from  the  mounting  base.  Push-on 
connectors  provide  the  rf  connection  between  the  filters  and  the  matching  netw  ork. 

2.2  FII.TK  R  OF  SIGN 

The  first  area  of  concern  was  the  overall  filter  design.  The  specification  requires  the 
multiplexers  to  provide  40  dB  of  port-to-port  attenuation  at  a  frequency  spacing  of  five 
percent.  It  is  also  required  that  the  filters  have  the  lowest  possible  Insertion  loss  in  a 
minimum  volume.  To  achieve  the  best  possible  selectivity  versus  insertion  loss  a  minimum- 
loss  design  was  used.  The  approach  in  determining  the  performance  parameters  and 
arriving  at  an  optimum  design  is  detailed  below. 

The  filter  is  composed  of  parallel -tuned  circuits  or  resonators  of  quantity  n.  The  resonators 
are  coupled  together  by  n-1  coupling  elements.  It  has  been  shown  that  the  minimum -loss 
condition  occurs  when  all  elements  of  the  filter  are  equal.*  Thus,  the  equivalent  circuit  for 
all  resonators  comprising  the  filter  is  as  shown  in  figure  2-2. 
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The  resonant  frequency  is: 


"°  Vu7 

The  unloaded  Q  of  the  resonator  is  defined  as: 

Qu  =  R«nc  =  — 

O  (jj  L- 

O 

The  admittance  of  the  circuit  is: 

Y  =  -7T  +  j  (  WC - f  ) 

e  R  J  \  ul.  / 

The  resonators  are  combined  as  shown  in  figure  2-3  to  form  a  filter  network. 


Rt 


YO 


YO 


YO 


Yo 


R1  Vo 


Figure  2-3.  Filter  With  n  Resonators,  Kquivalent  Circuit. 

I  '"li’J 


The  above  network  has  been  synchronously  tuned  as  indicated.  All  but  the  two  end 
shunt  elements  are  equal  to  Yc-2y  ,  and  all  series  elements  are  equal  to  VQ.  There 
are  n-1  series  elements  and  n-2  equal  shunt  elements. 

The  resonators  are  coupled  together  by  an  admittance  VQ.  Capacitive  coupling  is  assumed, 
that  is: 


Y 


o 


jo>C 


o 


The  type  of  coupling  element  used  in  the  analysis  is  immaterial  because  of  the  narrow  band¬ 
width  of  the  filter.  Any  form  of  coupling  would  give  the  same  result  for  a  filter  having  a 
bandwidth  of  10  percent  or  less. 

A  terminal  Q  is  defined,  that  is,  the  Q  of  the  end  resonators  loaded  by  the  terminating 
resistance  only,  and  is  given  by: 


2- 


’*■  .K  I# 


The  coupling  coefficient  is: 


4  A-i 


Because  of  the  very  narrow  bandwidth  of  the  filter,  the  following  approximation  is  used: 

where:  1’ <  <  1 


(j  -  6J 

. ,  _  _ Q  __  Cl)  0>0 

^  OJ  ,  . 

CJ  CO 

o 


Thus,  the  admittance  of  the  resonator  becomes: 


Y  =  G. 
c  t 


o"  + 
*u 


The  coupling  admittance  in  the  same  terms  is: 


v0  =  iGtkQt=  j  Gt  /i+" 

u 

The  two  port  network  shown  in  figure  2-3  may  be  redrawn  as  shown  in  figure  2-4. 
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n  OF  THESE  NETWORKS  ARE  USED 


Figure  2-4.  Filter  With  n  Resonators,  Resultant  Equivalent  Circuit. 
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Using  ABCD  matrices  2,  U,  V,  and  W  become: 


Therefore: 


/  Y 

/  c. 

Y  x 

2  +  -JL 

s,  =  J  ~1 

-  —  1 

\  G, 

1  \  Y 

0 

Gt  1 

2 

The  loss  in  the  stopband  (L  )  is  found  from  the  above  equation  by  assuming  that  the  dissipa¬ 
tion  loss  of  the  filter  offers  negligible  loss  as  eompared  to  the  selectivity  loss;  that  is,  the 
unloaded  Q  is  infinite. 


Thus: 


Yc  =  j2GtQtl! 


Vo  =  J°t 


cos  e  =  Q.i- 

The  stopband  loss  is: 


(2  +  j20tl'» 


I.  -  10  log  1  -  sin2n  0  +  — — ^ 

siii  6 


Ls  =  10  log 


1  -  Cos20  Cos2  n0 


|_  1  -  Cos  0  J 

The  stopband  loss  may  be  written  as: 

i  2„  2,  v 

1  -  a  T  (a) 

L  =  10  log  - ^ — *  where:  a  =  Q{U 

1  -  d 

and;  Tn(a)  is  the  Tchebycheff  polynomial  of  the  first  kind. 

The  above  equation  gives  the  stopband  attenuation  for  the  minimum  loss  filter  employing  any 
number  (n)  of  resonators,  expansion  of  the  equation  results  in  the  following  expressions  for 
various  values  of  n: 


n  =  1,  L.  =  10  log  J  [  b2  +  4] 
n  =  2,  Ls  =  10  log  i  [b4  +  4  j 
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The  loss  in  the  passband  (L0)  is  found  from  the  general  loss  expression  when  the  circuit  is 
resonant  at  the  operating  frequency,  U  =  O.  For  this  case  the  equations  become: 


Y 

o 


+ 


Cos  6 


+ 


Qu 


The  passband  loss  expression  may  be  simplified  to  read:^ 


A  very  useful  approximation  for  Lq  <  2n  dB  is: 


Lo  =  10  n  log  (l  +  “  ) 

The  volume  occupied  by  a  helical  resonator  filter  is  approximately:3 
V  =  1.6  nS3 

Where:  S  is  the  dimension  of  one  side  of  the  resonator  in  inches. 

In  the  case  of  the  deliverable  hardware,  the  vai’ious  parameters  were  chosen  to  be: 

n  =  3,  S  =  2.25  inches,  V  =  54.675  in^. 

Holding  the  filter  volume  constant,  the  S  dimension  versus  n  is  given  in  table  2-2. 
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Table  2-2.  S-Dimension  \'ersus  Number  of  Resonators  for  a  Total  Filter 
Volume  of  54.675  In^. 


n 

S  (inches) 

i 

3.25 

2 

2.58 

3 

2.25 

4 

2.05 

5 

1.90 

6 

1.79 

The  unloaded  Q  (Qu)  of  each  resonator  is  the  parallel  combination  of  the  helix  unloaded 
Q  (Qh)  and  the  tuning  capacitor  Q  (Qc): 

QllQc 

Qu  =  - - 

Qu  +  Qc 

The  tuning  capacitor  Q  is  assumed  to  be  5,000.  The  Q  of  the  helix  is  given  by;5 

Qll  =  60  S  J  f0 

Where  fQ  is  the  lowest  operating  frequency  in  MIlz.  The  lowest  operating  frequency  results 
in  the  worst  case  efficiency  for  the  filter,  thus: 

o  _  1650  S 

5  +  0.33  S 

Using  the  values  of  S  given  in  table  2-2  results  in  table  2-3. 

Table  2-3.  Resonator  Unloaded  Q  for  a  54.675-ln^  Filter. 
- - 


I’sing  the  value  of  Qu  from  table  2-3  and  the  value  of  from  table  2-2,  the  insertion  loss  oi 
the  filter  at  resonance  is  given  in  table  2-4. 

Table  2-4.  Insertion  Loss  Versus  the  Number  of  Resonators  for  a  Minimum  Loss  Filter  of 
54.675  li)3.  Having  40  dB  of  Attenuation  5  Percent  From  the  Operating 
Frequency. 


n 

l-o  (dH) 

i 

5.139 

2 

1.542 

3 

1.137 

4 

1.134 

5 

1.176 

6 

1.300 

The  data  in  table  2-4  is  plotted  in  figure  2-5.  It  can  be  seen  that  a  3-resonator  filter  provides 
the  best  performance  and  least  complexity  for  the  given  design  constraints. 

The  results  of  this  section  shows  that  a  filter  employing  3  resonators  (n  =  3)  yields  the  most 
efficient  design  in  terms  of  physical  size  and  performance.  The  terminal  Q  (Qt>  of  each 
resonator  is  designed  to  have  a  minimum  value  of  59.  The  terminal  Q  is  also  designed  to  be 
held  as  constant  as  possible  over  the  filters  operating  frequency  range,  so  as  to  maintain  a 
constant  percentage  bandwidth. 

The  value  of  the  coupling  coefficient  (used  for  internal  aperture  design)  calculates  to  a  con¬ 
stant  value  of: 

1  [  Qt  1  1 

k  =  —  1  +  - — -  =  —  =  0.01695 

Qt  v  Qu  Qt  59 

The  actual  value  of  coupling  coefficient  for  optimized  performance  determined  during  the 
development  of  the  filter  is  0.0183.  The  design  data  previously  presented  indicates  the 
rationale  employed  in  developing  the  F-1482(  )/GRC  filters. 

2.3  OLTP  IT  COt  FLING 

The  output  coupling  must  load  the  output  resonator  to  a  nearly  constant  terminal  Q  (Qt)  as 
the  filter  is  tuned  from  30  MHz  to  88  MHz.  The  coupling  must  possess  sufficient  physical 
length  to  allow  up  to  10  filters  to  be  grouped  around  the  common  junction  point.  The  coupling 
must  be  such  that  the  shunting  reactance  of  the  off-channel  branches  have  a  reasonably  high 
value  with  respect  to  the  on-channel  resistive  component  at  the  junction. 


_ JB***--'W~* 
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NUMBER  OF  RESONATORS  n 


Figure  2-5.  Number  of  Resonators  Versus  Insertion  Loss. 


Preliminary  calculation  indicated  that  the  above  conditions  might  be  met  by  using  a  trans¬ 
mission  line  for  the  output  coupling  element,  provided  the  line  is  used  as  an  impedance 
transformer  to  give  the  proper  reactance  to  resistance  ratio  at  the  junction.  If  a  transmis¬ 
sion  line  having  a  ZQ  of  50  ohms  and  a  length  of  one  quarter-wavelength  is  employed,  and 
the  on-channel  resistive  component  is  kept  low  (r~  5  ohms)  then  using  the  equation  for  a 
quarter-wavelength  transformer: 

Zin  ZL  =  Z02 

the  impedance  level  coupled  into  the  output  resonator  is  approximately  500  ohms.  Laboratory 
investigation  showed  that  the  desired  terminal  Q  (59)  could  not  be  achieved  with  loop  coupling 
at  the  500-ohm  level.  Tap  coupling,  however,  could  provide  the  proper  loading.  The  total 
junction  impedance  is  shown  in  figure  2-0. 


Xr 


XO 

9 


X 


XI 


Xr  COMPENSATING  REACTANCE  ADDED  TO  THE  COMBINER  JUNCTION  TO  RESONATE  THE 
JUNCTION  AT  THE  MEAN  FREQUENCY 

Xo  OFF  CHANNEL  IMPEDANCE  AT  THE  COMBINER  JUNCTION  DUE  TO  9  FILTERS 
X  REACTANCE  AT  THE  COMBINER  JUNCTION  DUE  TO  ONE  FILTER  BEING  ON  FREQUENCY 
r  RESISTIVE  COMPONENT  AT  THE  COMBINER  JUNCTION  DUE  TO  THE  ON  CHANNEL 
FILTER 


Figure  2-ti.  Total  Junction  Impedance. 


The  total  impedance  is  composed  of  four  elements  in  parallel.  X0  represents  the  reactance 
of  an  off-channel  branch.  Since  one  of  the  channels  of  the  multiplexer  is  on  frequency  in  this 
analysis,  t lie  remaining  nine  channels  form  a  total  shunting  reactance  of  X0  9.  Note  that  the 
limiting  case  junction  problem  occurs  for  the  multiplexer  configuration  containing  the  highest 
number  of  channels,  that  is,  ten.  Thus,  the  analysis  is  performed  for  this  case.  An  approxi¬ 
mate  equivalent  circuit  of  an  off-channel  branch  is  shown  in  figure  2-7. 

ZoL-  FoL 

» - - -o- 

Xo  - * 

O- - -o- 


X  0FF  =  ZoH  tan  0t 


Figure  2-7.  Kquivalent  Circuit  of  an  Off-Channel  Branch. 


The  circuit  consists  of  a  connecting  transmission  line  having  a  characteristic  impedance  of 
7.0j  and  a  quarter-wave  resonant  frequency  of  f0j  .  1'he  line  is  terminated  in  the  off-channel 
impedance  of  the  filter  (X0ff).  This  off-channel  filter  impedance  is  assumed  to  be  the  portion 
of  the  helical  output  resonator  from  the  tap  point  Q\  to  ground,  the  helical  resonator  having 
a  characteristic  impedance  of  7.0\\  and  a  self- resonant  frequency  of  f 0j . .  Again,  laboratory 
measurements  confirmed  that  approximating  X  off  in  this  manner  is  a  fairly  valid 
assumption. 

The  on-channel  branch  gives  two  components  to  the  total  junction  impedance,  namely,  X  and 
r,  where  X  is  the  residual  reactance  presented  at  the  junction  and  r  is  the  resistive  compo¬ 
nent  at  the  junction.  The  equivalent  circuit  of  the  on-channel  branch  is  shown  in  figure  2-8. 

The  circuit  consists  of  a  connecting  transmission  line  (identical  to  those  in  the  off-channel 
branches)  tapped  into  the  output  resonator  at  6  Capacitor  C  tunes  the  output  resonator 
to  the  on-channel  frequency. 
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Figure  2-8.  Equivalent  C  ircuit  of  an  On-t'hannel  Branch. 


A  compensating  reactance  (X,.l  is  added  to  the  junction  so  as  to  resonate  the  junction  at  the 
mean  of  the  30  MHz  to  88  MHz  band.  In  this  case  a  capacitor  is  required  to  resonate  the 
junction  since  the  transmission  lines  and  X0fj  are  inductive.  The  compensating  capacitor 
(CTO  is  selected  so  that: 


Xt 


30  MHz 


Xt 


88  MHz 


reactance  at  the  combiner  junction. 


The  junction  resistance  r  is  constant.  A  broadband  matching  network  connected  between  the 
junction  and  the  antenna  terminal  is  used  to  nearly  cancel  the  junction  reactance.  The  effec¬ 
tiveness  of  the  broadband  match  improves  as  the  ratio  of  Xj  to  r  increases.  If  t he  Xt  r  ratio 
at  the  band  edge  is  not  appreciably  less  than  one  for  the  worst  case  (10-channel  multiplexer) 
an  efficient  match  may  be  obtained.'  If  a  suitable  Xj  'r  ratio  can  be  achieved  for  the  10- 
channel  case,  the  ratio  will  be  significantly  better  for  multiplexers  using  less  than  10 
channels. 


Given  the  following  requirements: 

a.  r  is  a  constant 

b.  j  X(  /r  evaluated  at  the  band  edges  must  be  greater  than  1 

c.  Qf  as  flat  as  possible  with  a  minimum  value  of  59 


d. 


Xt 


30  MHz 


equal  to 


Xt 


88  MHz 


e.  Z0£  equal  50  ohms 

The  following  parameters  must  be  determined: 

a.  The  characteristic  impedance  of  the  helical  resonator  (Z0j j) 

b.  The  self-resonant  frequency  of  the  helical  resonator  ( f Qj j  1 

c.  The  quarter-wave  resonant  frequency  of  the  connecting  line  (f0j) 

d.  The  value  of  r 

e.  The  angular  position  of  the  tap  point  ($  t> 

f.  The  value  of  the  compensating  capacitor  (Cr) 
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These'  parameters  were  determined  hv  computer  analysis  and  subsequent  build  and  I 
the  resonators  and  filters  as  part  of  the  advanced  dev  elopment  progiam.  1  Hiring  tin 
engineering  development  program,  new  values  were  determined  b\  laboratnrv  build 
These  results  then  are  presented  in  table  2-5. 

Table  2-5.  Optimum  Parameters  for  Output  Coupling  Circuit. 

1 - 

i  il.TMTNT 

! 

\  Al  l  1. 

7  ol  1 

2t)(i  ohms 

'oil 

lo‘t.3  M  1 1  z 

‘oj. 

123  MHz 

r 

7.2-57  ohms 

e  t 

12.5  degrees 

Cr 

2  1  pi 

L 


The  analysis  includes  resonator  and  connecting  line  loss.  1  he  reactance  ot  tl'.e  on-channel 
( Xi  mat  he  neglected  compared  to  the  reactance  ot  the  oil  channels  1  sing  the  v  alue  < *1 

[  I  .  the  pl'.vsical  length  of  the  connecting  t  runs  mission  lines  will)  a  Teflon  dielectric  is  In.' 
inches,  which  is  more  than  adequate  to  permit  filter  into  connection. 


An  output  resonatoi  war  const ructcd  having  a  charactci  istic  impedance  ol  2ttn  ohms  and  a 
self- resonant  frequence  of  10*1,3  MHz.  A  connecting  line  was  tapped  into  the  helix.  1  he  line 
was  a  metal  jacketed  coax  having  a  characteristic  impedance  ot  7>0  ohms.  1  he  line  length 
was  1(1.5  inches  and  was  teiminated  in  a  7-ohm  i  f  load,  t  tie  tap  point  was  adjusted  to  g  i vc 
the  best  terminal  Q  characteristics,  Figure  2 -9  gives  the  results  of  this  measurement.  The 
resonant  frequency  of  the  connecting  line  (f0|  )  was  measured  to  he  123  MHz. 


The  value  of  the  compensating  capacitor  <Cr)  was  determined  experimentally  to  equalize  the 
magnitude  of  the  off-channel  reactance  at  the  hand  edges  (30  MHz  and  --  Mllzi  lor  C  2  1  pi', 


Xt 


30  MHz 


Xt 


S3  MHz 


•IS  ohms 


Tor 

10  channels, 

r  -  7 . 2  8  ( x  = 

l*t!  -  5.333 

9 

5lo  =  — - 

I' 

0.732 

Tor 

5  channels. 

r  =  7.28t;o  x  = 

Igkl  ^  12.00 

4 

5 r> 

r 

1.0  17 

For 

2  channels. 

r  =  7.28(>f!  x  = 

=  48.00 

S  2  = 

r 

0.588 
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DESIRED  Qt 

59  FROM  30  MHZ  TO  88  MHZ 

FREQUENCY 

MEASURED 

MHZ 

TERMINAL  O  Q 

30 

58  4 

68  8 

50 

75  1 

60 

77  4 

’0 

75  1 

80 

69  5 

88 

62  9 

Figure  2-9.  Measured  Output  Terminal  Q. 


2.4  R E SON A TOR  DESIGN 


The  requirements  imposed  by  the  output  coupling  structure  dictates  that  the  characteristic 
impedance  (Zot[i  and  the  self-resonant  frequency  (f0H*  ot  the  helix  both  be  controlled. 


Existing  nomographs  and  equation  formulations  do  not  allow  simultaneous  control  of  these  two 
two  parameters.  Figure  2-10  defines  the  various  dimensions  of  the  resonator.  The  design 
equations  for  the  helical  resonator  are:>: 


n  = 


1720 

f0j|bd 


f  FT 

Vlogd 


and:  Z0)j  =  183  nd  (  1 


Where: 

D  =  1.2  S  and  n  is  in  turns  per  inch. 


Eliminating  n: 
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Solving  for  b: 


b 


(31-17(10) 


‘oil ''on 


1  -  4 
1) 


)“«7r 


The  equations  are  most  accurate  when  b  d-  1.5,  therefore: 

1  -  (iif  =  (209ti‘,0)  f 1  -  tt) 

where  f0J j  is  in  MHz 

For  the  particular  problem  at  hand: 
t0ll  =  109.3  MHz 
Zo||  ~  290  ohms 


‘“oli^OII 


/ 


I)  =  1.2  S  =  (1.2)  (2.25)  =  2.7  inches 
Thus: 

x  J 1  -  x2  =  k  (1  -  x)  log  ■“  x  =  7Tj 

k  =  2.40222 


Solving  for  x  gives: 


x  =  0.47101 
Then: 

d  =  2.7x  =  (2.7)  (0.47101)  =  1.2717  inches 

b  =  1.5d  =  (1.5)  (1.2717)  =  1.9076  inches 

zoII  296 

n  = - - - - - -  -  — 

183d  (1  -  x)  /  log-i-  (183)  (1.2717)  (1-0.47101)  /  log 


=  4.205  turns/inch 
t  =  1/n  =  0.238  inch/turn 

The  total  number  of  turns  is: 

N  =  nb  =  (4.205)  (1.9076)  =  8.021  turns 

The  wire  diameter  is:^ 


1  —  ±  — 

C  °  '  2n  _  (2)  (4.2049) 


0.119  inch 


2 


Figure  2-10.  Helical  Resonator  Dimensions. 


The  helix  unloaded  Q  is:3 


Qjl  =  220  D  —  -  -  , 
1.5  -  x 


^  <220,(1.2  S,  0-17101  -  (0.47101)3 

L.5  -  xJ  1.5  -  (0.47101)3 


=  (59.34  where  f0  is  in  MHz. 


A  helix  was  constructed  having  the  following  dimensions: 


S  =  2.25  inches 
dG  =  0.125  inches 
d  =  1.312  inches 
T  =  0.25 
X  =  6.3  turns 

The  values  for  r  and  cl  were  chosen  to  be  consistent  with  the  advanced  development  models 
and  utilize  the  same  coil  form.  The  number  of  turns  in  the  helix  was  reduced  from  a  calcu¬ 
lated  value  of  8.02  turns  to  0.3  turns  to  maintain  a  resonant  frequency  of  100.3  Mllz.  This 
was  necessary  due  to  the  effects  of  the  dielectric  support,  small  deviations  from  calculated 
dimensions,  etc. 

The  helix  is  tuned  to  the  operating  frequency  range  by  means  of  a  gas  filled  variable  capa¬ 
citor.  The  minimum  required  capacity  is  given  by: 


C’, 


10 


0 


nun 


f. 


10 


0 


lOH 


2  ^fmax  zoi|  ^n  !  90°  )  (2  -rr  >  (88)  (  290  )  tan  (  90“  88 


109.3 


=  1.931  pF 


The  maximum  required  capacity: 


10 


0 


10^ 


max  /  f  .  \  . 

2  -7fmin  7-01,  tan  ^  90°  j  (2  tt)  (30)  (  290  )  tan  f  90°  -~~ 


~~  38.962  pF 


'I'he  range  of  the  gas  filled  variable  capacitor  as  employed  in  t he  deliverable  hardware  has  a 
capacity  range  of  1.5  to  45  pF. 

The  maximum  capacitor  voltage  must  be  calculated  using  the  resonator  reactance  slope 
parameter  (x)  to  obtain  the  equivalent  inductive  resistance  (Xj  e). 

At  30  Mllz: 


0o  =  90°  — -  =  90 

ton 


30 

109.3 


=  24.703  =  0.4311  radians 


\  =  l  +  9  ° 


2  sin  2  do 


n  r  .  0.4311  _  , 

0.5  +  — : ,  -:,T0  —  1.00/ 

sm  49.400° 


7ou  tan  Q  0  290  tan  24.703°  .  . 

xLe  =  - x -  =  - hOOTT -  =  127-53  ohms 
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A  ' 


At  88  MHz: 


d  o 


90“  -r  -  =  90° 
‘oil 


_88  _ 
109.3 


6  o 

sin  26  q 


=  0.5  + 


=  72.401  = 
1.205 

sin  144.922 


1.205  radians 
=  2.701 


xI.e 


Z°H  tan  #  o  _  290  tan  72.401° 
\  2.701 


340.75  ohms 


The  peak  capacitor  voltage  is: 

Kp  =  y  2PQtXl  e  P  =  00  watts 

At  30  Mllz:  Ep  =  J  (2>(00)(59>  (127.53)  =  950.22  volts 

At  88  Milz:  Ep  =  /  (2)(00)(59)  (340.75)  =  1500.8  volts 

The  gas  filled  variable  capacitor  as  employed  in  the  deliverable  hardware  has  a  minimum  rf 
voltage  rating  of  3000  volts.  The  capacitor  rms  current  is  found  from: 


1  -  1:P 
C  i2X,, 


At  30  Mllz: 


950.22 


lc  = 

W 


Ml 


0 


2  (30l  (38.902)  J 


4.934  amperes 


At  88  Mllz: 

.  1500.84 

‘c 

The  gas  t i  1  led  variable  capacitor  employed  in  the  deliverable  hardware  is  rated  at  15  amperes. 
The  helix  sur  face  area  is: 

A  =-  rib  =  7T  (1.3121(1.575)  =  0.492  square  inches 


10 


(i 


2^(881(1.931)  I 


l. amperes 


2-20 


The  power  dissipated  in  each  resonator  is  approximately: 


I’d  = 


P 

n 


anti  Ion 


lo  10 


1 


anti  I  on 


1.137 

10 


This  results  in  a  power  density  on  tin-  surface  of  the  helix  of 


4.00ti 

0.492 


0.709  watt  in^ 


This  power  density  is  below  the  recommended  maximum  of  1  watt  per  square  inch. 

The  complete  resonator  (helix,  dielectric  support,  a  id  capacitor)  have  a  measured  tempera¬ 
ture  coefficient  of  less  than  -20  ppm  ”('  for  a  75  temperature  range*  The  measured 
unloaded  Q  (Qu)  of  the  resonator  is  given  in  table  2-0. 

Table  2-0.  Resonator  Measured  Inloaded  Q. 


>V  MHz 

Qu 

30 

010 

40 

088 

50 

749 

00 

787 

70 

821 

80 

847 

88 

8  50 

_  .  .  . 

2.5  MATCIllNO  NKTWOKK  DKSHiN 

From  paragraph  2.3.  the  design  of  the  output  coupling  structure  required  an  rf  load  resis¬ 
tance  (r)  of  seven  ohms  to  achieve  a  suitable  x  r  ratio  at  the  common  junction  point. 

The  matching  network  design  is  thus  divided  into  two  distinct  tasks.  One,  a  broadband 
impedance  transformation  network  to  translate  a  7-ohm  resistive  load  to  a  50-ohm  resistive 
load  (antenna  impedance).  And,  two,  a  reactance  canceling  network  to  optimize  the  vwsr 
across  the  operating  frequency  range. 


A  network  is  used  for  the  resistance  transformation  rather  than  a  broadband  iron  core 
transformer  because  of  the  nonlinearities  common  to  the  transformer  design.  1MI)  and 
harmonic  distortion  would  be  severe  in  an  iron  core  design  since  the  network  must  handle 
as  high  as  000  watts  in  the  10-channel  case.  The  word  "transformer"  is  used  in  this  dis¬ 
cussion  as  a  matter  of  convenience  and  refers  to  a  network  that  provides  impedance 
transformation. 

The  transformer  is  derived  from  a  bandpass  filter  design  having  Tchebycheff  characteristics 
The  passband  bandwidth  must  be  at  least  58  MHz  wide;  for  example,  the  transformer  must 
operate  from  30  MHz  to  88  MHz.  The  input  impedance  is  seven  ohms  when  the  output  is 
terminated  in  50  ohms  over  the  passband  bandwidth.  Selectivity  of  the  network  is  immaterial 
The  transformer  action  is  incorporated  into  the  network  by  repeated  use  of  Norton's  first 
transformation  as  shown  in  figure  2-11. 


c 


Figure  2-11.  Norton's  First  Transformation. 


Prliminary  calculations  indicated  that  a  4-pole  network  (n  =  4)  would  be  required  to  achieve 
a  good  match  over  the  required  frequency  range. 

The  initial  form  of  the  network  and  the  transformations  are  depicted  in  figure  2-12.  The  last 
circuit  in  figure  2-12  shows  the  final  form  of  the  transformer.  The  next  step  is  to  evaluate 
the  elements  comprising  the  network.  Since  a  good  match  is  desired  across  the  frequency 
range,  a  low  vswr  Tchebycheff  prototype  is  selected.  Let  the  passband  ripple  (LAr)  be 
0.01  dB,  this  corresponds  to  a  vswr  of  1.1:1.  The  g  parameters  are:^ 

g0  =  1.0000,  gx  =  0.7128,  g2  =  1.2003,  g3  =  1.3212,  g4  =  0.6476 

g5  =  1.1007,  uj  =  1.0000,  I.Ar  =  0.01  dB,  n  =  4 
it  is  also  known  that: 

Ho  =_7_=  7.2857  ohms,  N4R5  =  50  ohms 
Also: 

N4R5  =  N4Hog5  =  50 
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The  equivalent  transformer  turns  ratio  (N>  is  therefore: 


X  = 


/  50  \  4 

50 

\KqK5  / 

(7.28571(1.1007) 

=  1.5802 


From  figure  2-12  the  fractional  bandwidth  (w)  may  be  found  as: 


w  = 


]~h*2  _ 

N-l 


J  (0.71281(1.2003) 
1  0.5802 


1.2143 


Also: 


w 


f2-tl  f2  *1 

r°  fhh 


For  equal  guardbands  above  88  MHz  and  below  30  MHz  it  requires  that: 
f2  -  88  =  30  -  ft 

Thus: 


f,  =  59  1  - 


AM 


J  A  +  w2 


28.379  MHz 


f2  =  118  -  f,  ^  89.021  MHz 


f0  =  i  fj  f2  -  50.4317  MHz 


OJ 


0  =  2  n  f0  -  0.3109  x  10‘*  radians  second. 


The  element  values  for  the  network  shown  in  figure  2-12  are  calculated  as  shown  in  figure 
2-13.  Figure  2-14  shows  the  final  experimentally  determined  values. 

The  second  design  task  is  to  determine  the  reactance  cancellation  networks.  To  provide 
reasonable  element  values,  the  cancellation  networks  are  inserted  between  the  broadband 
transformer  and  the  antenna  terminal  rather  than  at  the  common  junction.  The  design  is 
performed  lor  three  eases;  for  example,  a  2-channel,  5-channel,  and  a  10-channel  multi¬ 
plexer.  Multiplexers  containing  different  number  of  channels  would  have  cancellation  net¬ 
work  complexity  falling  between  those  presented. 
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THE  FINAL  COMPUTED  NETWOFIK  USING  STANDARD  VALUE  CAPACITORS  BECOMES 


Figure  2-13.  Broadband  Transformer  Calculations  (Part  1). 


iY 


2-2T, 


Figure  2-13.  Broadband  Transformer  Calculations  (Part  2). 
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Kid'll  re  2-1-4.  Broadband  Transformer,  Final  Values. 


From  l  ano's  work,  a  minimum  insertion  loss  network  results  when: 

tnnh  nn  tank  nl> 
cosh  a  cosh  b 


In  the  above  equations  n  is  the  number  of  elements  comprising  the  low-pass  prototype  net¬ 
work.  n  1  is  the  case  where  no  matching  network  is  required.  5  is  the  x  r  ratio  evaluated 
at  t he  band  edges. 


where:  d  -  sinh  a 
e  Sinh  b 
e  =  (1  -  2  5 


sin 


2n 


2  -  2  < . 


t 


The  maximum  passband  loss  tl\lliuls  is  evaluated  in  the  following  manner: 
For,  n  =  l:  cl  -  sinh  a.  e  -  sinli  I),  e  -  d  -2  5 

tanli  a  ^  tanh_h  — «.  sinh  a  _  sinh  b  ^  sinh  a  .  sinh  b _ 

eosh  a  eosh  b  cosh^a  eosh2b  1  +  sinh^a  1  +  sinh^b 


<1  e  d  cl  -  2  5 

1  +  d^  1  4  e^  1  ■*  (|2  l  +  c|2  -  1  5  cl  +  4  S  2 


For  the  2-  channel  multiplexer: 

5  -  5  o  -  ti.fiSs  (from  section  2.3),  let,  n  -  1 


^  c  5  f  5  2  +  |  t  .  ug  30Y 

tl  Vmax  "  10  log - ~  ' - L  -  10  log  =  0.0248  <1 H 

25  /  52  +  1  Ml 

*  1  -.Vmnx 


II  =  10 


l. 003727 


Vswrmax  211-1+2  V  11(11  -  1)  =  1.103:1 


This  is  an  excellent  match.  Thus  we  can  conclude  for  the  2-channel  ease  no  matching  net¬ 
work  is  required,  and  the  transformer  output  can  be  connected  directly  to  the  antenna 
terminal. 

For  the  5-ehannel  multiplexer; 

5  =  5  5  =  1.01700  (from  section  2.3),  let,  n  =  1 

*  I 'A 'max  10  lo-g  5-2  +  5  ^_1— 4  -  =  10  log  'M80!  =  0.35-41  dB 

2  5  fd2  +  \ 


II  =•  10 


1  l.\bnax 
10 


=  1.0349 


\swr  =211-1+2  V  11(11  -  1)  =  1.7770:1 


rhc  vsw  r  is  quite  high.  Try  n  ~  2 
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(I.  J 
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10 


1  .ooo  los 


211-1  +  2  VTiTTT  -  11  -  1.170:1 


Thus  it  can  be  conclmlcil  that  a  single  series  tuiteil  circuit  (1.2  and  Co)  connected  between 
the  common  junction  point  and  the  transformer  will  provide  the  desired  degree  of  matchin 
The  clement  values  for  the  5-ehannel  matching  network  are  computed  in  figure  2-la. 


5-CHANNEL  MULTIPLEXER 
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Figure  2-15.  Matching  Section  Flement  Determination. 
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The  final  form  of  flu.1  combining/ matching  networks  art  shown  in  figure  2-10.  \  -tc  Iht 
atlilition  of  the  compensating  capacitor  at  the  common  junction.  This  capacitor  has  a  valut  of 
(N  -  l)C'r  where  n  is  the  number  of  channels  comprising  the  multiplexer,  ami  is  equal  to 
2-1  pF  (from  table  2-f>). 

The  actual  component  values  used  in  the  transforim  r  ami  matching  networks  differ  Vi  r\ 
slightly  in  the  deliverable  hardware  (paragraph  a.-D.  This  is  due  to  two  factors;  one, 
standard  valut  capacitors  art  used,  and  two,  sonn  compensation  of  inevitable  strut  capacity 
anil  inductance  is  required.  The  transformers  were  adjusted  for  a  minimum  return  loss  of 
21  dB,  this  corresponds  to  a  maximum  vswr  of  1.20:1. 


50  OHM 
ANTENNA 


50  OHM 
ANTENNA 


5-CHANNEL  MULTIPLEXER 


Figure  2-1(5.  Final  Coupler  Configuration. 


2.(5  INPUT  AM)  INTFKNAL  COUPLINGS 

The  input  coupling  arrangement  has  been  determined  experimentally.  The  most  suitable 
method  of  several  tried  is  a  tapped  coupling  to  the  input  resonator  with  a  series  compensating 
inductor.  This  arrangement  gives  a  fairly  constant  terminal,  Q  i(Jt),  and  causes  little  fre¬ 
quency  shift  to  be  introduced  into  the  input  resonator.  The  helix  is  tapped  250  degrees  from 


tlu.'  "round  oiul.  Thu  compensatin'.;  inductor  is  composed  of  (i  turns  of  number  is  magnet 
wire,  close  wound,  with  a  0.2a  inch  ID  and  0.222  inch  length.  Tin  measured  reactance  of  the 
compensating  coil  is  20  ohms  at  20  Mil/.  Figure  2-17  presents  the  measured  terminal  Q 
for  this  configuration. 
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Figure  2-17.  Measured  Input  Terminal  Q. 


Aperture  coupling  is  used  for  the  two  internal  coupling's.  This  form  of  coupling  can  be  made 
to  agree  very  closely  with  the  desired  value.  For  a  constant  percentage  bandwidth  filter  the 
coefficient  of  coupling  should  remain  a  constant  value  over  the  operating  frequency  range. 

Di  this  case  the  magnitude  of  the  coupling  coefficient  is  approximately  0.017.  Figure  2-18 
presents  the  measured  coupling  for  the  depicted  configuration. 
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DESIRED  K  =  0.0183  FROM  30  MHZ  TO  88  MHZ 
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Figure  2-18.  Measured  Coupling  Coefficient. 


2.7  TUNING  MKTHOD  AND  DISCRIMINATOR  DESIGN 

A  block  diagram  of  the  filter  is  shown  in  figure  2-19.  Two  discriminators,  a  forward/ 
reflected  power  discriminator  (directional  coupler),  and  a  90-degree  phasing  discriminator 
are  employed  to  tune  the  filter.  The  use  of  two  discriminators  results  in  perfect  tunes, 
that  is,  a  symmetrical  response  shape. 

The  filter  is  basically  tuned  for  minimum  reflected  power.  The  phasing  function  assures 
that  the  correct  minimum  reflected  power  point  is  used.  The  forward  power  indication  is 
used  as  a  monitoring  function  only. 

Figure  2-20  shows  a  simplified  schematic  of  the  directional  coupler.  The  reflected  power 
detector  operates  in  the  following  manner:  a  current  sample  is  taken  from  the  transmission 
line  by  means  of  a  transformer.  This  provides  a  voltage  across  the  load  resistor  propor¬ 
tional  to  the  line  current.  This  voltage  is  applied  to  the  anode  of  the  diode.  Simultaneously 
a  voltage  sample  is  applied  to  the  cathode  end  of  the  diode  (derived  from  the  capacitor 


2 -31 


divider).  The1  transformer  phasing  and  circuit  constants  arc  set  up  so  that  when  the  trans¬ 
mission  line  is  terminated  in  its  characteristic  impedance  (50  ohms),  the  two  samples  art- 
equal  in  phase  and  magnitude;  thus,  the  diode  does  not  conduct  and  the  reflected  power  output 
is  zero.  Any  deviation  of  the  terminating  impedance  from  50  ohms  causes  this  balance  to 
be  upset.  The  diode  then  conducts  proportional  to  the  unbalance,  giving  a  dc  output  voltage- 
proportional  to  reflected  power.  The  forward  power  detector  works  in  essentially  the  s amt- 
manner  except  the  current  and  voltage  samples  are  180  degrees  out  of  phase.  This  results 
in  the  dc  output  voltage  being  a  maximum  when  the  transmission  line  is  terminated  in  50 
ohms.  Other  values  of  terminating  impedance  cause  the  dc  output  voltage  to  vary  proportional 
to  the  forward  power. 

Figure  2-21  shows  a  simplified  schematic  of  the-  phasing  discriminator.  This  is  a  conven¬ 
tional  00-degree  discriminator.  The  voltage  sample  \’2  appears  in  the  secondary  of  the 
transformer  as  two  equal  voltages  but,  180  degrees  different  in  phase  with  respect  to  the 
center  tap.  The  second  voltage  sample  is  connected  to  the  center  tap.  Thus,  when  Vj 
and  Vo  have  a  00-degree  relationship,  the  dc  voltage  appearing  across  the-  potentiometer  is 
equal  in  magnitude  and  opposite  in  polarity  with  respect  to  the  wiper  of  the  potentiometer. 

The  total  voltage  across  the  potentiometer  is  zero.  As  the  phase  relationship  of  the  two 
voltages  change  the  total  voltage  across  the  potentiometer  is  either  positive  or  negative 
depending  on  whether  V,  leads  or  lags  V2  by  more  or  less  than  90  degrees.  The  magnitude 
depends  on  how  greatly  the  angle  between  the  two  voltages  differ.  A  bridge  rectifier  is 
connected  to  the  output  of  the  discriminator,  this  provides  a  unidirectional  voltage  output  for 
the  metering  circuitry;  for  example,  the  output  voltage  of  the  bridge  circuit  is  zero  for  a 
90 -degree  phase  relationship  between  Vj  and  V2  and  positive  going  for  any  deviation  from 
90  degrees  between  the  two  voltage  samples. 


PHASING 
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Figure  2-21.  90°  Discriminator,  Simplified  Schematic. 
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Section  3 


Deliverable  Equipment 


Details  of  the  2-  and  5-channel  multiplexers  in  regard  to  physical  configuration,  electrical 
design,  and  measured  performance  are  presented. 

3.1  GENERAL  DESCRIPTION 

Figures  3-1  through  3-3  depicts  the  possible  configurations  of  the  TD-1289(  )(V/GRC  Multiplexer 
by  additionof the  Termination  unit  MX-10080(  )/GRC.  Figure  3—4  depicts  the  TD-1288(  )/GRC 
2-channel  version.  Thej’  consist  of  identical  bandpass  filter  modules  and  an  appropriate 
coupler  (mounting  base)  which  houses  the  combining/matching  network.  An  antenna  connector 
(type  N)  is  located  on  the  right  side  of  the  coupler.  The  rf  connectors  (type  BNC)  for  connec¬ 
tion  to  the  transceivers  are  located  at  the  top  of  the  rear  surface  of  each  bandpass  filter. 

Push-on  rf  connectors  are  used  to  connect  the  outputs  of  the  bandpass  filters  to  the  matching 
networks  located  in  the  coupler.  Figure  3-5  shows  a  2-channel  coupler  with  the  filters 
removed. 

Figure  3-6  shows  a  5-channel  coupler  with  the  filters  removed. 

Four  screws  are  used  to  retain  each  of  the  bandpass  filters  in  its  position  on  the  coupler  unit. 
Two  screws  are  located  on  the  lower  front  edge  of  the  filter,  the  other  two  screws  being 
located  on  the  rear  surface  of  the  filter  just  below  the  transceiver  connector.  The  controls 
and  connectors  associated  with  each  filter  are  protected  by  panel  extensions,  and  in  the  case 
of  the  output  connector,  by  the  carrying  handle.  The  overall  weight  of  the  2-channel  multi¬ 
plexer  is  17  pounds  maximum,  while  the  5-channel  multiplexer  overall  weight  is  37  pounds 
maximum. 

Termination  l’ nit  (MX-10080(  )/GRC)  was  also  developed  as  part  of  this  contract.  This  unit 
can  be  considered  a  filter  simulator  which  should  be  substituted  for  a  bandpass  filter  when 
one  filter  position  of  the  coupler  does  not  contain  a  filter.  This  unit  has  a  push-on  rf  connec¬ 
tor  identical  to  that  on  the  bandpass  filter.  Two  screws  are  used  to  secure  it  when  in  position 
(figures  3-7  and  3-8). 

Each  bandpass  filter  has  three  tuning  knobs  and  associated  tune  frequency  indicator  dials. 

Each  knob  has  an  integral  knob  lock.  Tuning  is  accomplished  by  setting  the  three  knobs  to 
the  desired  frequency  (indicated  by  the  frequency  dials),  applying  rf  power  and  fine  tuning  by 
using  the  power  and  phase  selector  and  meter  to  ensure  minimum  reflected  power  and  phasing 
error.  The  meter  located  on  the  top  of  the  front  panel  of  each  filter  is  used  to  indicate  for¬ 
ward  power,  reflected  power,  and  phase  error.  A  six-position  switch  to  the  left  of  the  meter 
allows  selection  of  these  functions  in  either  60-watt  or  6-watt  ranges.  (See  figures  3-9 
and  3-10.) 

Each  multiplexer  is  supplied  with  a  transit  case.  The  case  is  constructed  of  fiberglass  and 
contains  shock  absorbing  foam,  properly  shaped  to  protect  the  multiplexer  when  in  transit. 

The  2-channel  case  contains  a  4  Ib/ft^  density  polyurethane  foam,  and  the  5-channel  case  has 
a  stiffer  2  lb/ft^  polyethylene  foam.  The  case  has  been  designed  and  tested  to  protect  the 
multiplexer  from  a  drop  of  four  feet.  (See  figures  3-11  and  3-12.) 
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Figure  3-10.  Bandpass  Filter,  Hear  View  (F-ll*2(  )  GHC). 
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Figure  3-11.  Transit  ('ase-5-l'hannel  Figure  3-12.  Transit  C’ase-2-l'hatmel 
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Figure  .1-13.  Measured  Insertion  J.oss  for  tiie  TI)-12X!)<  )(V)l/(ilU'  ha nnel  Multiplexer. 
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I  lie  measured  pet  lot  mniue  p;u  .nuclei  s,  including  insertion  loss,  vswr,  and  transceiver  port 
attenuation,  are  included  and  ha\e  been  derived  from  the  Engineering  Accomplishment 
I- valuation  Report.  This  data  represents  the  best  ease  and  worst  case  data  from  the  In  com¬ 
munications  channels  of  two  multiplexers.  The  data  found  in  figures  3-13  through  3-15 
evolved  fioin  reference  tests  vvhieli  Were  performed  after  the  required  envi  ronmenta1  tests. 

1  i^ure  3-13  shows  the  minimum  maximum  insertion  loss  when  measured  from  transceiver 
pot!  to  antenna  port.  The  insertion  loss  measurement  results  lie  between  l.u  and  1.7  dll. 

1  he  measured  transceiver  port  to  transceiver  port  attenuation  is  shown  in  figure  3-14.  The 
data  was  obtained  by  tuning  two  filters  to  maintain  a  five-percent  frequency  spacing,  injecting 
an  on-channel  signal  into  one  filter,  and  measuring  the  feedthrough  signal  at  the  other  filter. 

1  he  minimum  attenuation  measured  was  •15.3(111. 

figure  3-15  shows  the  voltage  standing  wave  ratio  measured  at  the  transceiver  inputs. 
Measurements  indicated  vswr  variations  from  l.Oti  to  f.fis. 

In  addition  to  previous  tests  run  under  laboratory  ambient  conditions,  a  series  of  environ¬ 
mental  tests  were  performed  on  one  2-ehnnnel  and  two  5-channel  multiplexers.  The  tests 
performed  included:  3:1  vswr  load  test,  immersion,  bench  handling,  loose  cargo  bounce  test, 
transit  drop,  vibration  (sine)  (intended  to  verify  that  the  equipment  would  withstand  field 
transport  by  military  vehicles),  fungus,  low  temperature,  high  temperature,  altitude,  dust, 
humidity,  ram,  and  salt  fog.  The  results  of  these  tests  (procedures,  measured  data,  discus¬ 
sion  of  results,  etc)  were  presented  in  the  Kngineering  Accomplishment  Kvaluation  Report, 
R003  daied  21  November  1979.  After  incorporation  of  modifications  to  stiffen  the  foam  in 
the  5-channel  transit  case,  the  unit  passed  the  transit  drop  test,  Roth  multiplexers  met  all 
the  environmental  test  criteria  specified  except  for  the  fungus  requirement. 


Investigation  has  revealed  that  there  is  no  fungus  inhibitor  in  the  forest  green  enamel  paint 
per  MIT-E-5279SA.  This  resulted  in  a  random  fungal  growth  over  much  of  the  surface  of 
the  test  unit,  including  knobs  and  lock  screws  where  organics  such  as  oil  and  skin  particles 
are  easily  embedded. 

Tnfortunately,  this  initial  fungal  growth  was  cause  for  concern  and  judged  a  failure.  How¬ 
ever,  the  fungal  growth  noted  did  not  affect  the  performance  of  the  multiplexer,  and  the 
growth  was  not  considered  excessive.  No  corrective  action  was  requested  bv  the  customer, 
nor  was  any  initiated  by  the  contractor. 

One  problem  encountered,  however,  during  the  Engineering  design  test  was  the  observation 
of  intei  modulation  distortion  (IiMI))  at  levels  beyond  those  specified  in  I  S  Army  Electronics 
Command  Specification  KL-CP0192-0001  A.  The  first  measurements  during  the  test  indicated 
levels  as  high  as  98  dR  below  the  output  carrier  level  due  to  a  <10  watt  input  signal.  (The 
maximum  allowable  specification  level  being  120  dll  below  the  output  carrier  level.)  After 
extensive  testing  and  substitution  of  various  parts  of  the  multiplexer,  it  was  determined  that 
the  1MI)  was  generated  by  the  variable  capacitors  located  in  the  helical  resonator  cavities. 

By  replacing  the  spring  contact  fingers  inside  these  capacitors  with  those  of  an  improved 
physical  configuration  and  including  a  gold  flash  on  the  contact  surfaces,  the  1MD  perfor¬ 
mance  specification  of  -120  dll  was  met,  as  evidenced  by  the  data  included  in  figure  3-10. 
However,  relaxation  as  requested  in  production  contract  DAAK80-80-C-0202  is  anticipated 
to  ensure  a  manufacturable  product.  After  verification  of  improved  1M1)  performance  in 


these  tests,  the  vendor  specification  on  the  variable  capacitor  was  revised  to  require  the 
Hold  flash  on  the  contact  surfaces.  It  should  be  noted,  however,  that  test  results  indicated  the 
required  IMP  performance  is  at  levels  where  dirty  i  f  connectors,  nonlinear  i  f  loads,  poor 
assembly  techniques,  etc,  will  result  in  intermodulation  components  beyond  the  specified 
levels.  In  fact,  this  parameter  will  be  checked  and  tested  randomly  during  the  first  pro¬ 
duction  run  to  verify  what  IMP  performance  is  achievable  in  a  production  environment. 

3.3  PHYSICAL  CONTIC.l  RATION 

An  exploded  view  of  the  bandpass  filter,  1'  —  1 4 82(  )  GRC  is  shown  in  figure  3-17.  The  filter 
case,  near  plates,  rear  cover,  and  front  panel  are  aluminum.  In  this  figure,  the  near  train 
cavity  is  observed,  and  it  is  noted  that  the  front  panel  contains  the  metering;  circuitry,  tuning 
knobs,  and  frequency  dials.  Behind  each  tuning  knob  is  the  associated  gear  train  which 
translates  the  rotatory  motion  of  the  knob  into  the  linear  force  necessary  to  adjust  the 
variable  capacitors  to  cause  resonator  resonance  at  the  desired  tune  frequency.  The  circuit 
card  assembly  visible  in  the  figure  contains  the  phase  discriminator.  Immediately  above  the 
phase  discriminator  card  is  an  opening  through  which  hard  wires  carry  the  dc  signal  from 
the  power  discriminator  up  to  the  switch  and  meter  located  on  the  front  panel. 

Figure  3-18  shows  the  rear  of  the  bandpass  filter  with  the  rear  cover  removed.  The  output 
connector  and  output  resonator  arc  on  the  left.  Ground  connections  of  each  resonator  helix 
are  visible.  The  input  coupling  inductor,  L7,  is  visible  in  the  right  (input)  resonator  com¬ 
partment.  To  the  right  of  this  figure,  the  power  discriminator  printed  circuit  card  and 
transceiver  connector  can  be  observed. 

Maximum  overall  dimensions  (including  knobs,  connectors,  and  mounting  flanges)  of  the  band¬ 
pass  filter  are  2.3  inches  wide,  9.3  inches  high,  and  9.8  inches  deep.  The  weight  is  approxi¬ 
mately  (I  pounds.  An  outline  drawing  of  the  bandpass  filter  is  shown  in  figure  3-19. 

Figure  3-20  shows  the  5-channel  combining  network.  This  is  a  view  into  the  interior  of  the 
coupler  from  the  bottom,  pr  ior'  to  foaming  the  assembly.  Five  1(5. 5-inch  long  connecting 
coaxial  cables  and  the  matching  network  are  visible.  Note  all  connections  are  soldered  to 
reduce  intermodulation  distortion  to  the  lowest  possible  level.  The  metal  jacketed  coaxial 
lines  have  sleeving  installed  over  the  outer  conductors.  This  sleeving  used  is  to  prevent 
possible  pressure  contacts  from  occurring  during  die  foaming  operation.  Foaming  of  this 
assembly  ensures  a  rugged  assembly  capable  of  withstanding  vibration  and  shock  levels 
experienced  dur  ing  field  transport  by  military  vehicles.  Since  this  assembly  consists  of 
highly  reliable  passive  circuitry,  maintainability  is  not  sacrificed  by  foaming. 

Figure  3-21  shows  the  2-channel  combining  network.  It  is  similar  to  the  5-channel  network 
except  it  has  two  connecting  coaxial  cables. 

Maximum  overall  dimensions  of  the  2-channel  multiplexer  are  7.4  inches  wide,  11.1  inches 
high,  and  12.3  inches  deep.  The  maximum  weight  17  pounds.  An  outline  drawing  of  the  2- 
charmel  multiplexer  is  shown  in  figure  3-22. 

figur  e  3-23  is  an  outline  drawing  of  the  5-channel  multiplexer.  Maximum  overall  dimensions 
are:  15. f>  inches  wide,  11.1  inches  high,  and  12.3  inches  deep.  The  maximum  weight  is  37 
pounds. 
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Table  :i-l.  Tuning  Procedure  lor  \  111'  Multiplexer. 

l’l  ior  to  Tuning,  Cheek  the  Following  Conditions: 

1.  No  other  filters  are  tuned  to,  or  within  5  of  the  frequency  about  to  lie  used. 

2.  Kf  power  input  to  each  bandpass  filter  will  not  exceed  a  nominal  (in  watts. 

,‘i.  The  antenna  connector  of  the  coupler  must  be  connected  to  a  50-ohm 

broadband  antenna  or  a  50-ohm  load. 

Coarse  Tuning  before  applying  rf  power: 

1.  1  nlock  tuning  knobs  A,  B,  and  C  bv  turning  lock  knobs  countei  clockwi  se. 

2.  I  sing  tuning  knobs  A,  B,  and  C,  set  the  desired  frequency  in  the  centei  of 
the  dial  windows. 

it.  Set  the  meter  function  switch  to  the  00  watt  (OOW  I  reflected  power  d!i 
pos  i  t  i on. 

Kf  Tuning  with  rf  power  applied: 

To  avoid  equipment  damage,  complete  rf  tuning  steps  1  thru  5  within 

approximately  1  minute. 

1.  Key  the  transceiver  to  apply  rf  power. 

2.  Adjust  tuning  knob  A  for  minimum  reflected  power  as  indicated  by  a 
minimum  reading  on  meter.  Adjust  tuning  knob  B,  and  then  tuning  knob  c, 
for  a  minimum  reflected  power. 

3.  Set  the  meter  function  switch  to  00  watt  ioo\\  i  phase  (0)  position.  Adjust 
tuning  knob  B  fot  zero  phase  error. 

I 

Zero  phase  error  will  be  indicated  by  zero  reading  on  the 
meter  with  a  very  sharp  up-scale  deflect!. ai  on  either  side 
of  the  zero  poi nt. 

■1.  Return  the  meter  function  switch  to  the  OOW -K  position.  Readjust  tuning 
knobs  A  and  C  for  minimum  reflected  power. 

5.  Repeat  steps  ,‘i  and  I  until  the  lowest  reflected  power  and  zero  phase  error 
are  attained. 

0.  Set  the  metei  function  switch  to  0  watt  (0\V )  reflected  power  (R>  position. 
Readjust  tuning  knobs  A  and  C  for  minimum  reflected  power. 

7.  Set  the  metei  function  switch  to  the  0  watt  (0W  )  phase  (111  position.  Adjust 
tuning  knob  B  for  zero  phase  error. 

S.  Repeat  steps  (i  and  7  until  the  lowest  reflected  power  and  zero  phase  error 
are  attained.  Tuning  is  complete. 

t).  l  ock  the  three  tuning  knobs  with  a  finger-tight  rotation  of  the  lock  knob. 

Do  not  use  tools. 
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